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A B S T R A C T
The Lower Permian Patquía Formation is the youngest unit of the Paganzo Basin, western Argentina. The lower 
section consists of red mudstones, and fine- and coarse-grained sandstones deposited in fluvial systems with 
extensive and thick floodplain deposits. These rocks contain a low-diversity and relatively abundant association 
of trace fossils suggesting the activity of a sub-superficial to superficial fauna. The association is characterized 
by Rusophycus carbonarius (Cubichnia), Cruziana problematica (Repichnia), and Palaeophycus tubularis 
(Domichnia) of the Scoyenia ichnofacies. Disarticulated fish remains are also present. The upper section is 
dominated by red, cross-bedded, medium- to fine-grained sandstones deposited in eolian systems that host a low-
diversity and low-abundance association of trace fossils that indicates the activity of a mainly superficial fauna. 
Tetrapod footprints (Chelichnus duncani, oval digit imprints, short parallel grooves, and sinusoidal grooves), 
horizontal to vertical burrows (Palaeophycus tubularis and Skolithos isp. respectively), and arthropod trackways 
are the typical components of these deposits. The association shows elements of the three presently proposed eolian 
ichnofacies (Chelichnus, Octopodichnus and Entradichnus ichnofacies) suggesting the necessity of revision and 
the possible integration of these separate ichnofacies into a single model. The record of fossil vertebrate tracks is 
uncommon in Lower Permian strata of South America. Therefore, the ichnologic record of the Patquía Formation 
is a significant contribution to the understanding of Lower Permian South American ichnofaunas. 
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INTRODUCTION
Upper Paleozoic ichnofaunas have been extensively 
recorded in the Northern Hemisphere including both ver-
tebrate and invertebrate trace fossils (e.g. Gilmore, 1926; 
Hunt et al., 1995; Haubold and Lucas, 2003; Minter, et al., 
2007). The records of trace fossils mostly correspond to 
strata assigned by different authors to the Lower Perm-
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ian (Artinskian-Kungurian) including the well-known oc-
currences from the Robledo Mountains in the USA. The 
tetrapod trackway associations have been divided in two 
groups, recently formalized as the Chelichnus and Batra-
chichnus ichnofacies, corresponding to eolian and redbed 
depositional settings respectively (Hunt et al. , 1995; Hunt 
and Lucas, 2007). 
Continental body fossils and trace fossils are very 
rare in South America considering the widespread expo-
sure of Permian rocks in various basins. The great major-
ity of Permian tetrapods and fishes are recorded in Brazil, 
although a precise chronostratigraphic framework is still 
lacking (e.g. Richter and Langer, 1998). Recently, new 
outcrops of undetermined Permian age have been found in 
the Buena Vista Formation, Uruguay. A diverse but frag-
mentary record of tetrapod body fossils has been recently 
recovered and is currently under study (e.g. Piñeiro et al., 
2007). 
In Argentina, the Permian record of tetrapod body fos-
sils is scarce, consisting only in sparse occurrences (Siano, 
1990; Cisterna and Simanauskas, 2000). Tetrapod foot-
prints are known in three geological units from three differ-
ent late Paleozoic basins in Argentina. Eolian facies in the 
Yacimiento Los Reyunos Formation at Southern Mendoza 
province yields a tetrapod footprint association dominated 
by Chelichnus (Cei and Gargiulo, 1977; Melchor, 2001). 
40Ar/39Ar analysis indicates a Wordian/Capitanian (Kaza-
nian /Tatarian) age of 266.31 ±0.82 Ma. for the Yacimiento 
Los Reyunos Formation (Melchor, 2000). The Carapacha 
basin records diverse invertebrate and tetrapod trackway 
associations that were compared with what was later 
called the Batrachichnus ichnofacies, and corresponds to 
shallow-lake facies (Melchor and Sarjeant, 2004). Paleo-
floristic elements indicate a late Early Permian to early 
Late Permian age for the Carapacha Formation (Melchor 
and Césari, 1991). Finally, there are several isolated occur-
rences of tetrapod footprints in eolian facies of the Lower 
Permian Patquía Formation (Paganzo Basin), in La Rioja 
Province. These tetrapod footprints were compared provi-
sionally with Dromopus and Gilmoreichnus by Caselli and 
Arcucci (1999), and are re-analyzed in this contribution. 
Permian invertebrate trace fossils from Argentina have 
been documented mainly in fluvial and shallow-lacustrine 
deposits (Aceñolaza and Buatois, 1991; 1993), floodplains 
of high-sinuosity rivers (Buatois et al., 1996), low-energy 
ponds in floodplains of braided fluvial systems (Buatois et 
al., 1997), and playa-lake complexes (Zhang et al., 1998). 
Little is known of invertebrate traces in eolian environ-
ments. Globally, trace fossil assemblages reported from 
eolian facies are scarce in the geologic record and more 
examples are needed to improve our knowledge of such 
ichnofaunas. Several eolian ichnofacies models have been 
proposed: the Octopodichnus ichnofacies (Hunt and Lucas, 
2007), Entradichnus ichnofacies (Morrissey, 2006; Ekdale 
et al., 2007) and the Chelichnus ichnofacies (Hunt and Lu-
cas, 2007), although they seem to be superposed.
The ichnologic record of Argentina provides the only 
evidence of the distribution of tetrapods for the Early Perm-
ian. There has been little crossover between the studies of 
vertebrate and invertebrate ichnofossils in nonmarine ich-
nology (cf. Lockley, 2007). Herein we use a more integrat-
ed approach to study tetrapod footprints and invertebrate 
trace fossils from the Lower Permian Patquía Formation. 
These findings, although fragmentary, are the first record 
of tetrapods in the Paganzo basin and may be the oldest in 
the Permian of Argentina. The main purpose of this con-
tribution is to document invertebrate and vertebrate trace 
fossils in the Lower Permian Patquía Formation. In addi-
tion, we attempt to discus this evidence in a paleobiologic 
context, and to compare the ichnofauna with other Lower 
Permian associations. 
Specimens collected are preserved at (CRILAR) Cen-
tro Regional de Investigaciones Científicas y Transferencia 
Tecnológica (CRILAR Ic), Anillaco, La Rioja Province, 
Argentina.  
GEOLOGIC SETTING
The Paganzo Basin was developed as a foreland basin 
in western Argentina, bounded to the east by the Sierras 
Pampeanas cratonic area (Limarino et al., 2002). The ba-
sin includes one of the most important Late Paleozoic suc-
cessions of South America. The Carboniferous successions 
record the Gondwana glaciation (Limarino et al., 2002; 
Geuna et al., 2010). The thick and geographically extensive 
Permian redbed successions record the arid and semiarid 
continental events observed globally (Spalletti et al., 2010; 
Tedesco et al. 2010). Outcrops of this basin are documented 
in Sierras Pampeanas, Precordillera, and the Famatina Sys-
tem (La Rioja, San Juan, and San Luis provinces). 
The succession outcropping nearby the town of Pa-
ganzo is the type section of the Carboniferous-Permian 
“Estratos de Paganzo” (Bodenbender, 1911, 1912), sub-
sequently referred to as the “Paganzo Group” (Azcuy and 
Morelli, 1970). This succession is located in the eastern 
domain of the basin (Limarino et al., 2002) in the central-
south area of La Rioja province (Fig.1). The upper Pa-
leozoic strata unconformably overlie the crystalline base-
ment (Azcuy et al., 1979). They include grey sandstones 
and mudstones of the Carboniferous Lagares Formation, 
and Permian red beds of the Patquía Formation. This up-
per Paleozoic succession is overlain by the Triassic Ta-
lampaya Formation (Fig. 1). 
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The sedimentary facies of the Patquía Formation were 
studied in detail by Caselli (1998). This author included 
several Permian redbed successions that occur in the basin 
at the Patquía Formation (see also Caselli and Limarino, 
2002). Two intervals within the Patquía Formation were 
recognized in the Paganzo area (Fig. 2). The lower interval 
is 240m-thick, and is characterized by red mudstones and 
fine-grained sandstones interbedded with light red pebbly 
and coarse-grained sandstones. The tabular mudstones and 
fine-grained sandstone beds are either massive or show 
parallel- or ripple cross-lamination. Individual beds are 
0.20-1.5m thick. These deposits contain invertebrate trace 
fossils (Rusophycus carbonarius, Cruziana problematica, 
and Palaeophycus tubularis) and disarticulated fish re-
mains (Fig.2). The lenticular pebbly and coarse-grained 
sandstone beds are 0.20- 0.80m thick and display parallel, 
planar, and trough cross-stratification. The lower interval 
was interpreted as deposited in fluvial environments, in 
which floodplain areas dominated over channel subenvi-
ronments (Caselli, 1998). 
The upper interval is 160 m-thick and is dominated 
by red, high-angle planar cross-bedded, well-sorted, ma-
ture, medium- to fine-grained sandstones. The basal suc-
cession is dominated by 0.10-0.20m thick, parallel-lami-
nated, ripple cross-laminated, and planar cross-stratified 
sandstones interpreted as low-angle sand-sheet deposits 
(Caselli, 1998). This facies records invertebrate trace fos-
sils (Palaeophycus tubularis, Skolithos isp., and arthropod 
trackway), and a variety of tetrapod fossil footprints (Che-
lichnus duncani, oval digit imprints, short parallel grooves, 
and sinusoidal grooves) (Fig.2). The succession passes up-
wards into thick-bedded, high-angle cross-stratified sand-
stone beds. This interval has been interpreted as dune and 
interdune deposits of an extensive eolian system developed 
under arid conditions (Caselli, 1998). 
The age of the Patquía Formation is poorly constrained. 
The fossil content suggests an Early Permian age (e.g. 
Frenguelli, 1949; Limarino and Césari, 1985). Paleomagnet-
ic information and absolute ages (K-Ar) of basalt interbed-
ded near the base of the Patquía Formation in the Paganzo 
area indicate a Late Carboniferous to Early Permian age 
(263 ? 4 a 302 ? 6 M.a. ) (Thompson and Mitchell, 1972; 
Valencio, 1972; Valencio and Mitchell, 1972; Valencio et al., 
1977; Sinito et al., 1979). 
Geologic map of the Paganzo Group in the Paganzo area.FIGURE 1
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INVERTEBRATE TRACE FOSSILS
Ichnogenera are placed in alphabetic order, and are fol-
lowed by those described in open nomenclature. The pres-
ervational nomenclature of Seilacher (1964) is followed.
Ichnogenus Cruziana d’Orbigny, 1842
Cruziana problematica (Schindewolf, 1928)
Figure 3A, 3C, 3D, 3E
Material. CRILAR Ic-2, CRILAR Ic-3, CRILAR Ic-4 
and material preserved in the field. 
Description. Two parallel rounded ridges separated by 
a central groove. The ridges are generally featureless, al-
though some traces display fine, nearly transverse, striae. 
External width is from 1.5-8.0mm. Preserved as convex 
hypichnia. 
Remarks. This ichnospecies displays two main size 
ranges in the Patquía Formation: 1.5-3mm (highly abun-
dant) and 5-8mm (Fig. 3C-D). 
The distinction between Isopodichnus, Rusophycus, 
and Cruziana has been largely discussed (e.g. Bromley 
and Asgaard, 1972, 1979; Trewin, 1976; Pollard, 1985; 
Keighley and Pickerill, 1996). A few authors (e.g. Hän-
tzschel, 1975; Seilacher, 1955) have regarded Rusophy-
cus as a junior synonym of Cruziana, although others 
have argued that Rusophycus must be retained for short 
bilobate resting traces (e.g. Osgood, 1970). The ichno-
genus Isopodichnus has also been traditionally applied 
to small bilobate trace fossils in continental environ-
ments, particularly redbeds (Trewin, 1976; Seilacher, 
1985; Pollard, 1981, 1985), covering both crawling 
and resting traces. Bromley and Asgaard (1979) placed 
these bilobate traces in the ichnogenera Cruziana and 
Rusophycus, a decision endorsed here. It is highly ac-
cepted between ichnologists that paleoenvironment is 
not a valid ichnotaxobase (Bertling et al., 2006). The 
presence of Cruziana problematica has been document-
ed for the Patquía or equivalent formations (e.g. Ace-
ñolaza and Buatois, 1991, 1993; Zhang et al., 1998). 
Cruziana is known from the Cambrian to the Recent. 
Ichnogenus Palaeophycus Hall, 1847
Palaeophycus tubularis Hall, 1847
Figure 4A, 4C 
Material. CRILAR Ic-5 and material preserved in the 
field. 
Description. Horizontal to sub-horizontal, straight to 
slightly curved, unbranched and branched tubular trace 
fossils. Circular to elliptical sections are 5-10mm in diam-
eter. Infill similar to the host rock and smooth lining. Pre-
served as full relief. 
Remarks. Palaeophycus differs from Planolites by the 
presence of a wall lining and infill similar to that of the 
host rock (Pemberton and Frey, 1982). The systematics of 
Palaeophycus has been reviewed by Pemberton and Frey 
(1982). Palaeophycus tubularis is distinguished from the 
other ichnospecies of Palaeophycus by its thin burrow 
lining and lack of conspicuous wall ornamentation. The 
presence of Palaeophycus tubularis was documented for 
the Patquía or equivalent formations (e.g. Aceñolaza and 
Buatois, 1991, 1993; Zhang et al., 1998). The ichnogenus 
is present from the Ediacaran to the recent (Pemberton and 
Frey, 1982).
Sedimentologic section of the Patquía Formation in 
the Paganzo area. F: mudstone; Sf: fine-grained sandstone; Sm: 
medium-grained sandstone; Sg: coarse-grained sandstone; G: pebble 
conglomerate.
FIGURE 2
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Ichnogenus Rusophycus Hall 1852
Rusophycus carbonarius Dawson, 1864
Figure 3A, 3B, 3D, 3E
Material. CRILAR Ic-2, CRILAR Ic-3, CRILAR Ic-4 
and material preserved in the field.  
Description. Subcircular trace fossil consisting of two 
parallel lobes separated by a central groove and resem-
bling a coffee bean. Some specimens display an anterior 
subtriangular gap (see Fig. 3D). Lobes are covered by fine 
transverse striae that extend almost to the margin. Lengths 
are 5-9mm and widths are 5-10mm. Preserved as convex 
hypichnia.
Remarks. Schlirf et al. (2001) noted that, in contrast 
to the widely held view, Rusophycus (Isopodichnus) eu-
tendorfensis does not in fact possess transverse to oblique 
striations because the original description by Linck (1942) 
identifies the presence of mostly smooth lobes, separated 
by a longitudinal furrow. Thus, R. carbonarius is distin-
guished from R. eutendorfensis by the presence of trans-
verse striae (Schlirf et al., 2001), from R. stromnessi by the 
absence of expanded, smooth and lily-like ends (Trewin, 
1976; Keighley and Pickerill, 1996), from R. furcosus in 
the arrow shape of the latter (Gand, 1994), and from R. 
minutus in its triangular shape (Debriette and Gand, 1990). 
This ichnogenus is present from the Cambrian to the re-
cent. 
Ichnogenus Skolithos Haldeman, 1840
Skolithos isp.
Figure 4A, 4B 
Material.  Material preserved in the field.  
Description. Simple, elongate, cylindrical vertical trace 
fossils. Wall is smooth and infill similar to the host rock. 
Diameter is 8-11mm. Short tubes with unknown lower end. 
Preserved as full relief. 
Rusophycus carbonarius (black arrow), note transverse scratch marks, and Cruziana problematica (withe arrow). A) CRILAR Ic-2, general 
view. B) CRILAR Ic-3, note abundant small Cruziana problematica. C) CRILAR IC-4, Cruziana problematica of medium size. D) CRILAR Ic-2, note small 
Cruziana problematica. E) CRILAR Ic-4. Scales bars are 1cm. 
FIGURE 3
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Remarks. Specimens are typically preserved in bedding-
plane view with maximum observed depths up to 30mm. 
No ichnospecific assignment can be made for the material 
from the Patquía Formation due to its partial preservation. 
Skolithos ranges from the Cambrian to the recent (Alpert, 
1974; Seilacher et al., 2005).
Arthropod trackway
Figure 5A, 5D, 5H
Material. One trackway with nine tracks preserved in 
the field.
Description. Partially preserved trackway consisting of one 
row of tracks grouped in a series of two to four tracks with a 
medial impression. Individual imprints are oval or bifurcating 
tracks of approximately 13-20mm long. The trackway presents 
series of tracks partially preserved. It varies from two tracks 
arranged in a straight line, three tracks arranged in a triangu-
lar pattern, and four tracks arranged in a rhomboidal paral-
lelogram. The distance between the medial impression and the 
outer track range from 50-64mm.
Remarks. This trackway resemble Octopodichnus di-
dactylus in the large size of the trackway, the presence of 
bifurcated tracks, and tracks grouped in a series of four. On 
the other hand, it shows a medial impression, characteristic 
of specimens assigned to Paleohelcura. The ichnogenera 
Paleohelcura and Octopodichnus are similar enough in 
their morphology that difficulty in distinguishing between 
the two may arise (Sadler, 1993). At present, the two clear-
ly distinguishing features of these two ichnogenera are the 
presence of absence of both a bifurcated track impression 
and a medial impression (Sadler, 1993). Unfortunately, this 
trackway can not be assigned with certainty to either ich-
nogenera (Paleohelcura or Octopodichnus) due to the fact 
that it presents characteristics mutually exclusive between 
them (bifurcated tracks and medial impression). 
TETRAPOD TRACE FOSSILS 
Tetrapod tracks and trackways are preserved on 
three closely spaced surfaces. All three levels comprise 
a single trampling surface where numerous imprints 
of appendages and tails are preserved (Fig. 5). Ichno-
genera are placed in alphabetic order and are followed 
by those described in open nomenclature. The preser-
vational nomenclature of Seilacher (1964) is followed. 
Material was studied directly in the field, and is pre-
served as concave epichnia.  
Ichnogenus Chelichnus Jardine 1850
Chelichnus duncani Jardine 1850
Figure 5A, 5B, 5E
Palaeophycus tubularis and Skolithos isp. A) Palaeophycus 
tubularis and Skolitos isp. preserved in eolian deposits. B) Skolithos isp. 
preserved in eolian deposits. C) CRILAR Ic-5, Palaeophycus tubularis 
preserved in fluvial deposits. White areas on scales are 1cm. 
FIGURE 4
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Tetrapod trampling surfaces. A) Diagram of the trampling surfaces showing all the specimens. Scale bar is 5cm. B) Detail of the upper right 
area of the diagram showing Chelichnus duncani, oval digit imprints, short parallel grooves, and sinusoidal grooves. Scale bar is 3cm. C) Detail of 
the lower left area of the diagram showing oval digit imprints, short parallel grooves, and sinusoidal grooves. Scale bar is 3cm. D) Detail of the upper 
left area of the diagram showing an arthropod trackway. Note bifurcated track (black arrow) and medial impression (white arrow). Scale bar 10cm. 
E) Chelichnus duncani. Scale bar 3cm. F) Short parallel grooves. Scale bar 3cm. G) Oval digit imprints. Two consecutive steps, note digit drag mark 
(arrow). Scale bar 3cm. H) Upper left area of the diagram, note ripple marks (arrow).
FIGURE 5
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Material. Three isolated tracks.
Description. Plantigrade tracks that show a round-
ed sole imprint and four subparallel, relatively short, 
anteriorly directed digit imprints. Footprint length is 
32-37mm and footprint width is 28-35mm. Digit im-
prints are of approximately the same length as the sole 
imprint and lateral digit imprints (7-12mm) are shorter 
than central digit imprints (12-15mm). There is no clear 
trackway pattern of these footprints expressed on the 
trampling surface. 
Remarks. According to McKeever and Haubold (1996) 
Chelichnus consists of rounded manus and pes tracks of 
nearly equal size. Complete manus and pes tracks are pen-
tadactyl with a round sole imprint and five short digit im-
prints, although commonly only three or four digit imprints 
are visible. There are four recognized ichnospecies of Che-
lichnus differing principally in size. Chelichnus bucklandi 
has a pes track length of 10-25mm, C. duncani has a pes 
track length of 25-75mm, C. gigas has a pes track length 
of 75-125 mm, and C. titan displays a pes track length 
exceeding 125mm (McKeever and Haubold, 1996). The 
Patquía specimens are assigned to Chelichnus duncani on 
the basis of the plantigrade tracks with short and subparal-
lel digit imprints that are oriented anteriorly. 
Oval digit imprints 
Figure 5A, 5B, 5C, 5G
Material. Eighteen individual tracks.
Description. Circular to oval digit imprints (4-7mm in 
width) parallel to each other and forming an arc. Distances 
between digit imprints are 2-3mm. In well-preserved spec-
imens there are five digit imprints, although the number 
of digit imprints is commonly lower. It is not possible to 
observe their relation to forefoot or hind foot. Trackway 
pattern unclear. 
Remarks. These imprints are most likely a differential 
preservation of Chelichnus duncani because the digit im-
prints of that ichnospecies are in the same size range.
Short parallel grooves 
Figure 5A, 5B, 5C, 5F
Material. Six individual tracks. 
Description. Parallel slightly curved grooves with 
pointed tips. Well-preserved specimens consist of four par-
allel grooves, although more partially preserved specimens 
display only two parallel grooves. Individual groove length 
is 10-20mm. They are sharply incised and are more similar 
to digit scratch marks than to digit imprints. No distinct 
trackways can be observed. 
Remarks. Parallel furrows probably consist of scratch 
marks of a plantigrade quadruped with clawed tips. The 
Patquía parallel furrows strongly suggest a similar mor-
phological pattern to that expressed by tracks where plan-
tigrady and number of digits is typically reduced. Under 
somewhat dry conditions or in undertrack preservation, the 
number of digit imprints could gradually disappear. 
Sinusoidal grooves 
Figure 5A, 5B, 5C, 5G 
Material. Six sinusoidal grooves. 
Description. Sinusoidal grooves are present all over the 
tracking surface. They consist of sharp, curved impressions 
that locally show two parallel grooves but commonly con-
sist of only one simple groove. The length of the grooves 
is 40-140mm. Small lobes commonly occur on the sides of 
the grooves, and represent sand deformation features. 
Remarks. These sinusoidal grooves probably represent 
digit and tail drag marks. 
DISCUSSION 
Trace-fossil producers 
Freshwater examples of Cruziana and Rusophycus have 
been interpreted as cubichnia and repichnia, respectively, 
of branchiopod crustaceans (notostracans) by Bromley and 
Asgaard (1972). These are mostly benthic organisms that 
crawl and burrow along the bottom of ephemeral ponds 
in continental environments. According to Bromley and 
Asgaard (1979), the morphology of very short freshwater 
Rusophycus with transverse striations could be compared 
with head-down burrowing behavior of trilobites of Sei-
lacher (1970). As noted by Minter et al. (2007), anostracan 
and lipostracan branchiopods cannot be ruled out as pos-
sible producers of these striated trails. Some anostracans 
have been observed to feed by scraping the surface, and 
lipostracans, although extinct, are inferred to have had the 
same behavior on the basis of comparative functional mor-
phology. Both scrape the substrate rather than ploughing 
through it, and so they are more likely to have produced su-
perficial scratch traces rather than furrowed traces (Minter 
et al., 2007). Lipostracans are very small and so they can 
only be considered as potential tracemakers of the smallest 
(1.5-3mm) trace fossils. 
Pemberton and Frey (1982) proposed several potential 
producers for Palaeophycus, in the marine realm. These 
structures were interpreted as passively infilled dwell-
ing burrows of worm-like organisms. As suggested by 
Krapovickas et al. (2008 and references therein), some 
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modern producers of Palaeophycus-like structures in con-
tinental floodplains are semiaquatic organisms such as or-
thopterans (Tridactylidae), hemipterans (Salidae), beetles 
(Heteroceridae) and, non-aquatic cicindelinae beetles. 
In non-marine environments, Skolithos is commonly 
recorded in subaerial and permanently subaqueous sedi-
ments (Gierlowski-Kordesch, 1991). Among recent or-
ganisms that construct vertical excavations are numerous 
groups of insects and arachnids (Smith and Hein, 1971, 
Ratcliffe and Fagerstrom, 1980, Bown, 1982). 
The presence of two to four tracks in each series of 
imprints in the arthropod trackway indicates at least four 
appendages on each side of the body of the trackmaker, 
suggesting a member of the class Arachnida. In addition, 
the presence of a medial impression suggests a tail drag 
left by a scorpionid. 
The poor preservation of the tetrapod tracks obscures 
diagnostic morphologic details of tracks and trackways, 
making it difficult to determine potential tracemakers. 
Specimens assigned to Chelichnus are interpreted to be 
produced by a non-mammalian synapsid (McKeever and 
Haubold, 1996). 
Paleoecology and taphonomy of trace fossils 
Fluvial deposits in the Patquía Formation comprise 
scarce fluvial channels and thick floodplain deposits with 
shallow-water bodies that contain an abundant inverte-
brate ichnofauna. The assemblage (trace-fossil association 
1) includes crawling, resting and dwelling trace fossils (Fig. 6, 7) 
corresponding to Rusophycus carbonarius (Cubichnia), 
Cruziana problematica (Repichnia), and Palaeophycus 
tubularis (Domichnia). Disarticulated fish scales are also 
present. This low-diversity ichnofauna suggests the activ-
ity of a sub-superficial to superficial benthic invertebrate 
fauna. The taphonomic features of both invertebrate trace 
fossils and fish remains (i.e. disarticulate and dispersed 
scales and fish bones, of which some show a patterned ar-
rangement and are densely packed and well sorted) suggest 
that they were preserved in a floodplain environment char-
acterized by an alternation of overflow and fall-out depos-
its (Mancuso, 2008). 
Eolian sand-sheet deposits of the Patquía Formation in-
clude tetrapod trace fossils (Chelichnus duncani, oval digit 
imprints, short parallel grooves, and sinusoidal grooves) and 
invertebrate locomotion and dwelling trace fossils (arthro-
pod trackway, Palaeophycus tubularis, and Skolithos isp.) 
(Fig.6, 7). This low-diversity and low-abundance associa-
tion (trace-fossil association 2) represents the activity of a 
terrestrial superficial ichnofauna produced by cursorial tet-
rapods and shallow burrowing desert-dwelling arthropods. 
The absence of morphologic details and the preservation 
of only the deepest features suggest that the tetrapod foot-
prints in association 2 are preserved as “undertracks” and/
or that the surface was partially eroded before final burial. 
The sediment grain-size (medium- to fine-grained sand) 
compared to the size of the footprints prevents the preserva-
tion of fine morphologic details. In addition, the production 
of tracks is linked to sediment grain size and substrate water 
content. Thus, in eolian environments moist sand is needed 
to preserve tracks (Fornós et al., 2002; Loope, 2006). The 
Patquía tetrapod trackway assemblage must have therefore 
been emplaced in a moist substrate. Therefore, the tapho-
nomic characteristics allow us to interpret the track-bearing 
levels as humid sand-sheet deposits buried by small dune 
migration, after an exposure time long enough to record a 
succession of different overprinted trackways. 
Early Permian tetrapod-track assemblages 
The Permian vertebrate body-fossil and footprint re-
cord of Europe and North America is abundant and well 
studied (e.g. Olson, 1989; Milner, 1993; Hunt et al., 1995; 
Tverdokhlebov et al., 2005; Minter, et al., 2007). In the last 
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Idealized reconstruction of trace fossil associations of 
the Patquía Formation. Above, trace fossil association 2 developed 
in eolian sand-sheet deposits. Note its similarities with the three 
presently known eolian ichnofacies. Below, trace fossil association 
1developed in floodplain deposits. A:  Arenicolites isp.; Ar: Arthropod 
trackway; C: Chelichnus duncani; Cr: Cruziana problematica; D: Diplo-
craterion parallelum; E: Entradichnus meniscus; O: Octopodichnus 
isp.; P: Paleohelcura isp.; Pa: Palaeophycus tubularis; Pl: Planolites 
beverleyensis, R: Rusophycus carbonarius; S: Skolithos isp.; T: Taeni-
dium serpentinum.
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decades several authors have proposed different schemes 
to group trace-fossil associations from the Early Permian 
(Haubold, 1996; Lucas, 1998). These associations were 
mainly grouped in two principal clusters, originally named 
as ichnofacies. First, the association of eolian facies domi-
nated by Chelichnus and, less abundantly, Dromopus (Lock-
ley et al., 1994; McKeever and Haubold, 1996), and second, 
the association of red-beds in fluvio-lacustrine facies, char-
acterized mainly by Batrachichnus, Limnopus, Gilmoreich-
nus, and Dimetropus (Hunt et al., 1995). In Argentina, tracks 
from the Yacimiento Los Reyunos Formation were assigned 
to the typical Chelichnus association (Melchor, 2001), and 
those from the Carapacha Formation were compared to the 
“redbeds” association, with a late (early Late Permian) rep-
resentation in South America (Melchor and Sarjeant, 2004). 
The material of the Patquía Formation reveals some resem-
blance to those that were referred to the Chelichnus ichnofa-
cies by Lockley et al. (1994). 
Ichnofacies 
Nonmarine ichnofacies are now receiving more at-
tention by ichnologists (e.g. Buatois and Mángano, 2004, 
2007; Hunt and Lucas, 2007; Ekdale et al., 2007; Minter et 
al., 2007; Melchor et al. 2006). Three archetypal nonma-
rine ichnofacies are widely accepted: Scoyenia (Seilacher, 
1964, 1967), Mermia (Buatois and Mángano, 1995), and 
Coprinisphaera (Genise et al., 2000). Additionally, the 
typically marine Skolithos ichnofacies is recognized in 
nonmarine settings (Buatois and Mángano, 2004). Vari-
ous eolian ichnofacies have been proposed: Octopodich-
nus, Chelichnus, and Entradichnus ichnofacies (Hunt and 
Lucas, 2007; Ekdale et al., 2007). And, a new model of 
tetrapod ichnofacies was recently presented (Hunt and Lu-
cas, 2007), suggesting five ichnofacies (Grallator, Bron-
topodus, Batrachichnus, Characichnos, and Chelichnus 
ichnofacies) which correspond with aspects of invertebrate 
ichnofacies. 
There is a strong need for integration of vertebrate and 
invertebrate trace fossils in continental ichnofacies models. 
There are several ichnofacies models proposed for eolian 
environments, but these are either based on invertebrate or 
vertebrate trace fossils. Hunt and Lucas (2007) proposed 
the Chelichnus ichnofacies for tetrapod associations 
recurrent in dune facies of eolian environments (Fig. 
6). These authors also erected the Octopodichnus ich-
nofacies for eolian trace-fossil associations of the Co-
conino Sandstone (Fig. 6), whilst Ekdale et al. (2007) 
defined the Entradichnus ichnofacies for eolian trace-
fossil associations based on the Navajo Sandstone (Fig. 
6). The close correspondence between the Chelichnus 
and Octopodichnus ichnofacies in dune environments 
was suggested by Hunt and Lucas (2007).  In the same 
vein, Buatois and Mángano (2008) attempted to inte-
grate eolian ichnofacies models, and combined both 
ichnofacies in the Octopodichnus-Entradichnus ich-
nofacies. The Patquía trace-fossil association 2 has as-
pects in common with the Octopodichnus, Chelichnus, 
and Entradichnus ichnofacies (Fig. 6). It particularly 
resembles the Entradichnus ichnofacies in containing 
trace fossils that have been produced by shallow bur-
rowing, desert-dwelling arthropods, such as beetles 
and others insects, that kept pace with dune migration 
(Ekdale et al., 2007). Also, it shares the presence of ar-
thropod trackways with the Octopodichnus ichnofacies, 
which consists exclusively of locomotion trace fossils 
(Hunt and Lucas, 2007). Finally, it also reveals some 
resemblance to the Chelichnus ichnofacies. The mate-
rial described here demonstrates the need to integrate 
both invertebrate and vertebrate trace fossils in ichno-
facies models.
Trace-fossil association 1 from the Patquía Forma-
tion developed in floodplain deposits and is ascribed to 
the Scoyenia ichnofacies (Fig. 6). It displays many of 
the archetypal characteristics of the Scoyenia ichnofa-
cies, including the presence of small horizontal bilo-
Reconstruction of the Permian Paganzo fluvio-eolian 
environment with the putative vertebrate and invertebrate trackmakers. 
Illustration by Boris Budiša.
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bate trace fossils, such as Cruziana and Rusophycus. 
The Scoyenia ichnofacies occurs in low-energy settings 
periodically exposed to air or periodically inundated 
(Frey et al., 1984; Buatois and Mángano, 1995). In this 
case there is no clear evidence of subaerial exposure, 
although a progressive desiccation and stiffening of the 
substrate is probably indicated by the presence of striae 
in some Rusophycus specimens. 
CONCLUSIONS
The vertebrate ichnofauna documented here represents 
the oldest record of tetrapods in Argentina. Floodplain de-
posits of the Patquía Formation record invertebrate trace 
fossils (trace-fossil association 1) that are an example of 
the Scoyenia ichnofacies displaying mostly arthropod trace 
fossil. Eolian sand-sheet deposits of the Patquía Formation 
record a second trace-fossil association that has aspects in 
common with the three proposed eolian ichnofacies, sug-
gesting the need for revision and their potential integra-
tion. The Octopodichnus-Entradichnus ichnofacies (sensu 
Buatois and Mángano, 2008) seems to be characterized by 
horizontal (e.g., Palaeophycus, Planolites) and vertical 
burrows (e.g., Skolithos, Digitichnus), arthropod track-
ways (e.g., Octopodichnus, Paleohelcura), and vertebrate 
tracks chiefly produced by a non-mammalian synapsids 
and mammals (e.g. Chelichnus, Brasilichnus).
ACKNOWLEDGMENTS   
This work is part of the Doctoral Thesis of V. Krapovickas, 
financially supported by the Consejo Nacional de Investigaciones 
Científicas y Técnicas (CONICET). We specially thank Nicholas 
Minter and Ricardo Melchor for their careful review and useful 
suggestions, and Luis Buatois and Gabriela Mángano for their 
helpful comments to improve the quality of the first version of 
this contribution. Field research was supported by the Natural 
Sciences and Engineering Research Council (NSERC) Discovery 
Grant (311727-05 and 08) to M. Gabriela Mángano (VK), and 
UBACyT-X133 and PICT 07-1902 to Claudia Marsicano (VK), 
PICT 32236 (AM), PIP CONICET 0535/98 (AA). 
REFERENCES   
Aceñolaza, F.G., Buatois, L.A., 1991. Trazas fósiles del Paleo-
zoico Superior continental Argentino. Ameghiniana, 28(1-2), 
89-108. 
Aceñolaza, F.G., Buatois, L.A., 1993. Nonmarine perigondwanic 
trace fossils from the late Paleozoic of Argentina. Ichnos, 2, 
183-201. 
Alpert, S.P., 1974. Systematic review of the genus Skolithos. 
Journal of Paleontology, 48, 661-669.
Azcuy, C.L., Morelli, J.R., 1970. Geología de la Comarca de Pagan-
zo - Amaná. El Grupo Paganzo, formaciones que lo componen 
y sus relaciones. Revista de la Asociación Geológica Argentina, 
25(4), 405-429. 
Azcuy, C.L., Valencio, D.A., Vilas, J.F., 1979. Estratigrafía de la 
comarca de Amaná - Talampaya. Neuquén, 1978, VII Con-
greso Geológico Argentino, 1(Actas), 243-246.
Bertling, M., Braddy, S.J., Bromley, R.G., Demathieu, G.R., Ge-
nise, J., Mikuláš, R., Nielsen, J.K., Nielsen, K.S.S., Rinds-
berg, A.K., Schlirf, M., Uchman, A., 2006. Names for trace 
fossils: a uniform approach. Lethaia, 39(3), 265-286. 
Bodenbender, G., 1911. Constitución geológica de la parte meridi-
onal de la provincia de La Rioja y regiones limítrofes. Repúbli-
ca Argentina. Córdoba, Boletín de la Academia Nacional de 
Ciencias, 19(1), 2-211.
Bodenbender, G., 1912. Parte meridional de la provincia de La Rioja 
y regiones limítrofes. Constitución geológica y productos min-
erales. Buenos Aires, Anales del Ministerio de Agricultura de la 
Nación, Sección Geología, Mineralogía y Minería, 7(3), 1-161. 
Bown, T.M., 1982. Ichnofossils and rhizoliths of the near shore 
fluvial Jebel Qatrani Formation (Oligocene), Fayum Prov-
ince, Egypt. Palaeogeography, Palaeoclimatology, Palaeo-
ecology, 40, 255- 309.
Bromley, R.G., Asgaard, U., 1972. Notes on Greenland trace fos-
sils: freshwater Cruziana from the Upper Triassic of Jameson 
Land, east Greenland. Grønlands Geologiske Undersøgelse, 
Rapport, 49, 7-13.
Bromley, R.G., Asgaard, U., 1979. Triassic freshwater ichno-
coenoses from Carlsberg Fjord, east Greenland. Palaeogeog-
raphy, Palaeoclimatology, Palaeoecology, 28, 39-80.
Buatois, L.A., Mángano, M.G., 1995. The paleoenvironmental 
and paleoecological significance of the lacustrine Mermia 
ichnofacies: an archetypical subaqueous nonmarine trace fos-
sil assemblage. Ichnos, 4, 151-161.
Buatois, L.A., Mángano, M.G., 2004. Animal-substrate interac-
tions in freshwater environments: applications of Ichnology 
in facies and sequence stratigraphic analysis of fluvio-lacus-
trine successions. In: McIlroy, D.M. (ed.). The Application of 
Ichnology to Palaeoenvironmental and Stratigraphic Analy-
sis. London, Geological Society, 228(Special Publications), 
311-333.
Buatois, L.A., Mángano, M.G., 2007. Invertebrate ichnology of 
continental freshwater environments. In: Miller, W. III (ed.). 
Trace Fossils. Amsterdam, Elsevier, 285-323.
Buatois, L.A., Mángano, M.G., 2008. Continental Ichnology: 
Conceptual Framework and Prospects. 33rd International 
Geological Congress. Oslo (Norway), Abstract in CD-ROM.
Buatois, L.A., Jalfin, G., Aceñolaza, F.G., 1997. Permian non-
marine invertebrate trace fossils from southern Patagonia, 
Argentina: Ichnologic signatures of substrate consolidation 
and colonization sequences. Journal of Paleontology, 71(2), 
324-336. 
Buatois, L.A., Mángano, M.G., Aceñolaza, F.G., 1996. Icnofaunas 
paleozoicas en sustratos firmes no marinos: evidencias del Pér-
mico de la Cuenca Paganzo. Ameghiniana, 33(3), 265-270.  
V.  K R A P O V I C K A S  e t  a l .
G e o l o g i c a  A c t a ,  8 ( 4 ) ,  4 4 9 - 4 6 2  ( 2 0 1 0 )
D O I :  1 0 . 1 3 4 4 / 1 0 5 . 0 0 0 0 0 1 5 8 2
Fluvio-Eolian ichnofaunas from the Patquía Formation
460
Caselli, A.T., 1998. Estratigrafía y Sedimentología de las Forma-
ciones Patquía (Pérmico) y Talampaya (Triásico Inferior), en 
las Sierras Pampeanas Noroccidentales y Precordillera Cen-
tral (Provincias De La Rioja Y San Juan). Doctoral Thesis. 
Universidad de Buenos Aires, 437pp.
Caselli, A.T., Arcucci, A.B., 1999. Huellas de tetrápodos en eo-
lianitas de la Formación Patquía, Cuenca Paganzo, Provincia 
de La Rioja. I Simposio Argentino del Paleozoico Superior. 
Ameghiniana, 36(4), 30.
Caselli, A., Limarino, C.O., 2002. Sedimentología y evolución 
paleombiental de la Formación Patquía (Pérmico) en el ex-
tremo sur de la sierra de Maz y cerro Bola, provincia de La 
Rioja, Argentina. Revista de la Asociación Geológica Argen-
tina, 57(4), 415-436.
Cei, R.L., Gargiulo, J., 1977. Icnitas de tetrápodos Pérmicos del 
sur de Mendoza. Ameghiniana, 14, 127-132.
Cisterna, G.A., Simanauskas, T., 2000. Brachiopods from the Río del 
Peñón Formation, Río Blanco Basin, Upper Paleozoic of Argen-
tina. Revista Española de Paleontología, 15(2), 129-151.
Dawson, J.W., 1864. On the fossils of the genus Rusophycus. Ca-
nadian Naturalist and Geologist, 1, 363-367.
Debriette, P., Gand, G., 1990. Stratigraphic and paleoenviron-
mental results from new paleontological observations made 
in the Permian of the western part of the Lodève basin (South 
Massif Central). Géologie de la France, 19-32.
d’Orbigny, A., 1842. Voyage dans l’Amerique méridionale (le 
Bresil, la Repúblique argentine, le Patagonia, le Repúblique 
de Chile, le Repúbliique de Bolivie, le Repúblique de Perou) 
executé pendant les anées 1826, 1827, 1828, 1829, 1830, 
1831, 1832 et 1833. París, Paleontologie, 3(4), 1-188.
Ekdale, A.A., Bromley, R.G, Loope, D.B. 2007. Ichnofacies of an 
ancient erg: A climatically influenced trace fossil association 
in the Jurassic Narvajo Sandstone, Southern Utah, USA. In: 
Miller, W. III (Ed.). Trace Fossils: Concepts, Problems, Pros-
pects. Amsterdam, Elsevier, 562-574. 
Fornós, J.J., Bromley, R.G., Clemmensen, L.B., Rodríguez-Perea, 
A., 2002. Tracks and trackways of Myotragus balearicus 
Bate (Artiodactyla, Caprinae) in Pleistocene aeolianites 
from Mallorca (Balearic Islands, Western Mediterranean). 
Palaeogeography, Palaeoclimatology, Palaeoecology, 180, 
277-313.
Frenguelli, J., 1949. Acerca de un nuevo descubrimiento de plantas 
en los Estratos del Arroyo Totoral, en la sierra de Los Llanos, 
La Rioja. Revista de la Asociación Geológica Argentina, 4(3), 
153-164. 
Frey, R.W., Pemberton, S.G., Fagerstron, J.A., 1984. Morpholog-
ical, ethological and environmental significance of the ichno-
genera Scoyenia and Ancorichnus. Journal of Paleontology, 
58, 511-528. 
Gand, G., 1994. Isopodichnus furcosus nov. ichnosp. Ichno-
coenoses from the Permian Lodève basin (Massif Central, 
France). Geobios, 27, 73-86.
Genise, J.F., Mángano, M.G., Buatois, L.A., Laza, J., Verde, M., 
2000. Insect trace fossil associations in paleosols: the Coprin-
isphaera ichnofacies. Palaios, 15, 33-48.
Geuna, S.E., Escosteguy, L.D., Limarino, C.O., 2010. Paleomag-
netism of the Carboniferous-Permian Patquía Formation, Pa-
ganzo basin, Argentina: implications for the apparent polar 
wander path for South America and Gondwana during the 
Late Palaeozoic. Geologica Acta, 8(4), 373-397.
Gierlowski-Kordesch, E., 1991. Ichnology of an ephemeral lacus-
trine alluvial plane system. Jurassic East Berlin Formation, 
Hartford Basin, U.S.A. Ichnos, 6, 221-232.
Gilmore, C.W., 1926. Fossil footprints from the Grand Canyon. 
Smithsonian Miscellaneous Collections, 77(9), 1-41. 
Haldeman, S.S., 1840. Supplement to Number One of “A mono-
graph of the Limniades, or fresh-water univalve shell of North 
America”, containing descriptions of apparently new animals 
in different classes, and the name and characters of the subgen-
era in Paludina and Anculosa. Philadelphia, J. Dobson, 3pp.
Hall, J., 1847. Palaeontology of New York. Volume I. Containing 
descriptions of the organic remains of the Lower Division of 
the New York System (Equivalent to the Lower Silurian rocks 
of Europe). Albany (New York), C. van Benthuysen, 338pp.
Hall, J., 1852. Palaeontology of New York, vol. 2. State of New 
York, Albany, 362pp.
Häntzschel, W., 1975. Trace fossils and problematica. In: Teich-
ert, C. (ed.). Treatise on Invertebrate Paleontology, W (Sup-
plement 1). Lawrence (Kansas), University of Kansas Press, 
1-269. 
Haubold, H., 1996. Ichnotaxonomie und Klassifikation von 
Tetrapodenf¨ahrten aus dem Perm. Hallesches Jahrbuch für 
Geowissenschaften, 18(B), 23-88.
Haubold, H., Lucas, S.G., 2003. Tetrapod footprints of the Lower 
Permian Choza Formation at the Castle Peak, Texas. Paläon-
tologische Zeitschrift, 77(2), 247-261. 
Hunt, A., Lockley, M., Lucas, S.G., Haubold, H, Braddy, S.J., 
1995. Tetrapod ichnofacies in early Permian red beds of the 
American Southwest. In: Lucas, S.G., Heckert, A.B. (eds.). 
Early Permian footprints and facies. New Mexico Museum of 
Natural History and Science Bulletin, 6, 295- 301.
Hunt, A., Lucas, S.G., 2007. Tetrapod ichnofacies: a new para-
digm. Ichnos, 14, 59-68. 
Jardine, W., 1850. Note to Mr. Harness’s paper “On the position 
of the impressions of footsteps in the Bunter sandstones of 
Dumfriesshire”. Annals and Magazine of Natural History, 6, 
208-209. 
Keighley, D.G., Pickerill, R.K., 1996. Small Cruziana, Rusophycus, 
and related ichnotaxa from eastern Canada: the nomenclatural de-
bate and systematic ichnology. Ichnos, 4, 261-285.
Krapovickas, V., Mángano, M.G., Mancuso, A. Marsicano, C.A., 
Volkheimer, W., 2008. Icnofaunas triásicas en abanicos alu-
viale distales: evidencias de la Formación Cerro Puntudo, 
cuenca cuyana, Argentina. Ameghiniana, 45(2), 463-472. 
Limarino, C.O., Césari, S.N., 1985. Primer registro paleoflorístico 
de la Formación La Colina (Paleozoico Superior), Cuenca Pa-
ganzo, República Argentina. Universidade de Sâo Paulo, Bo-
letim Instituto de Geociençias, 15, 32-37.
Limarino, C.O., Césari, S.N., Net, L.I., Marenssi, S.A., Guitierrez, 
R.P., Tripaldi, A., 2002. The Upper Carboniferous postglacial 
G e o l o g i c a  A c t a ,  8 ( 4 ) ,  4 4 9 - 4 6 2  ( 2 0 1 0 )
D O I :  1 0 . 1 3 4 4 / 1 0 5 . 0 0 0 0 0 1 5 8 2
V.  K R A P O V I C K A S  e t  a l . Fluvio-Eolian ichnofaunas from the Patquía Formation
461
transgression in the Paganzo and Río Blanco basins (north-
western Argentina): facies and stratigraphic significance. 
Journal of South American Earth Sciences, 15, 445-460.
Linck, O., 1942. Die Spur Isopodichnus. Senckenbergiana, 25, 
232-255.
Lockley, M.G., Hunt, A.P., Meyer, C., 1994. Vertebrate Tracks 
and the Ichnofacies Concept: Implications for Paleoecol-
ogy and Palichnostratigraphy. In: Donovan, S. (ed.). The 
Paleobiology of Trace Fossils. New York, Wiley & Sons, 
241-268.
Lockley, M., 2007. A tale of two ichnologies: the different goal 
and potential of invertebrate and vertebrate (Tetrapod) ichno-
taxonomy and how they relate to ichnofacies analysis. Ich-
nos, 14, 39-57.
Loope, D.B., 2006. Dry-season tracks in dinosaur-triggered grain-
flows. Palaios, 21, 132-142.
Lucas, S.G., 1998. Toward a tetrapod biochronology of the Perm-
ian. In: Lucas, S.G., Estep, J.W., Hoffer, H. (eds.). Permian 
Stratigraphy and Paleontology of the Robledo Mountains, 
New Mexico. New Mexico Museum of Naturial History and 
Science Bulletin, 12, 71-91.
Mancuso, A.C., 2008. Tafonomía de peces y su relación con los 
paleoambientes de depositación: dos ejemplos de Argentina. 
Buenos Aires (Argentina), XII Reunión Argentina de Sedi-
mentología, Abstract, 104. 
McKeever, P.J., Haubold, H., 1996. Reclassification of vertebrate 
trackways from the Permian of Scotland and related forms 
from Arizona and Germany. Journal of Paleontology, 70, 
1011-1022.
Melchor, R.N., 2000. Stratigraphic and biostratigraphic conse-
quences of a new 40Ar/39Ar date for the base of the Cochicó 
Group (Permian), Eastern Permian Basin, San Rafael, Men-
doza, Argentina. Ameghiniana, 37(3), 271-282. 
Melchor, R.N., 2001. Permian tetrapod footprints from Argentina. 
Hallesches Jarbuch für Geowissenschaften, 23(B), 35-43.
Melchor, R., Cesari, S., 1991. Algunos elementos paleoflo-
rísticos de la Formación Carapacha (Pérmico Inferior), 
Prov. de La Pampa, Rep. Argentina. Ameghiniana, 28(3-
4), 347-352. 
Melchor, R.N., Sarjeant, W.A.S., 2004. Small amphibian and rep-
tile footprints from the Permian Carapacha Basin, Argentina. 
Ichnos, 11, 57-78.
Melchor, R.N., Bedatou, E., De Valais, S., Genise, J.F., 2006. 
Lithofacies distribution of invertebrate and vertebrate trace-
fossil assemblages in an Early Mesozoic ephemeral fluvio-
lacustrine system from Argentina: implications for the 
Scoyenia ichnofacies. Palaeogeography, Palaeoclimatology, 
Palaeoecology, 239, 253-285.
Milner, A.R., 1993. The biogeography of salamanders in the Me-
sozoic and early Cenozoic: a cladistic-vicariance model. In: 
Sims, R.W., Price, J.H., Whalley, P.E.S. (eds.). Evolution, 
Time and Space: The Emergence of the Biosphere. London, 
Academic Press, 431-468.  
Minter, N.J., Krainer, K., Lucas, S.G., Braddy, S.J., Hunt, A.P., 
2007. Palaeoecology of an Early Permian playa lake trace 
fossil assemblage from Castle Peak, Texas, USA. Palaeo-
geography, Palaeoclimatology, Palaeoecology, 246, 390-423.
Morrissey, L.B., 2006. The ichnology of terrestrial palaeoenvi-
ronments: Old Red Sandstone, British Isles. Doctoral Thesis. 
Bristol, University of the West of England, 399pp.
Olson, E.C., 1989. Problems of Permo-Triassic terrestrial verte-
brate extensions. Historical Biology, 2, 17-35. 
Osgood, R.G., 1970. Trace fossils of the Cincinnati area. Palaeon-
tographica Americana, 6, 281-439.
Pemberton, S.G., Frey, R.W. 1982. Trace fossil nomenclature and 
the Planolites Palaeophycus dilemma. Journal of Paleontol-
ogy, 56, 843-881.
Piñeiro, G., Marsicano, C., Lorenzo, N., 2007. A new temnospon-
dyl from the Permo-Triassic Buena Vista Formation of Uru-
guay. Palaeontology, 50(3), 627-640.
Pollard, J.E., 1981. A comparison between the Triassic trace fossils 
of Cheshire and south Germany. Palaeontology, 24, 555-588.
Pollard, J.E., 1985. Isopodichnus, related arthropod trace fossils 
and notostracans from Triassic fluvial sediments. Transac-
tions of the Royal Society of Edinburgh: Earth Sciences, 76, 
273-285.
Ratcliffe, B.C., Fagerstrom, J.A., 1980. Invertebrate lebensspuren of 
Holocene floodplains: their morphology, origin and palaeoeco-
logical significance. Journal of Paleontology, 54, 614-630.
Richter, M., Langer, M., 1998. Fish remains from the Upper 
Permian Rio do Rastro Formation (Paraná Basin) of southern 
Brazil. Journal of African Earth Sciences, 27, 158-159.
Sadler, C.J., 1993. Arthropod trace fossils from the Permian de 
Chelly Sandstone, Northeastern Arizona. Journal of Paleon-
tology, 67(2), 240-249.
Schindewolf, O.H., 1928. Studien aus dem Marburger Buntsand-
stein III–VI. Senckenbergiana, 10, 16-54.
Schlirf, M., Uchman, A., Kümmel, M., 2001. Upper Triassic (Ke-
uper) non-marine trace fossils from the Haßberge area (Fran-
conia, southeastern Germany). Paläontologische Zeitschrift, 
75, 71-96.
Seilacher, A., 1955. Spuren und Lebensweise der Trilobiten. In: 
Schindewolf, O.H., Seilacher, A. (eds.). Beiträge zur Ken-
ntnis des Kambriums in der Salt Range (Pakistan). Abhan-
dlungen der Mathematisch-Naturwissenschaftlichen Klasse, 
Mainz, Akademie der Wissenschaften und der Literatur, 10, 
342-372.
Seilacher, A., 1964. Biogenic sedimentary structures. In: Imbrie, 
J., Newell, N. (eds.). Approaches to paleoecology. New York, 
John Wiley and Sons, 296-316.
Seilacher, A., 1967. Bathymetry of trace fossils. Marine Geology, 
5, 413-428.
Seilacher, A., 1970. Cruziana stratigraphy of “non-fossiliferous” 
Palaeozoic sandstones. In: Crimes, T.P., Harper, J.C. (eds.). 
Trace fossils. Geological Journal, 3(Special Issue), 447-476.
Seilacher, A., 1985. Trilobite palaeobiology and substrate rela-
tionships. Royal Society of Edinburgh Transactions: Earth 
Sciences, 76, 231-237. 
Seilacher, A., Buatois, L.A., Mángano, M.G. 2005. Trace fossils 
in the Ediacaran-Cambrian transition: Behavioral Diversifi-
V.  K R A P O V I C K A S  e t  a l .
G e o l o g i c a  A c t a ,  8 ( 4 ) ,  4 4 9 - 4 6 2  ( 2 0 1 0 )
D O I :  1 0 . 1 3 4 4 / 1 0 5 . 0 0 0 0 0 1 5 8 2
Fluvio-Eolian ichnofaunas from the Patquía Formation
462
cation, Ecological turnover and Environmental Shift. Palaeo-
geography, Palaeoclimatology, Palaeoecology, 227, 323-356.
Siano, C.A., 1990. Últimos eventos depositacionales de la For-
mación La Colina (Patquía), sierra de Los Llanos, La Rioja, 
Argentina. San Juan, 11° Congreso Geológico Argentino, 
2(Actas), 187-191. 
Sinito, A.M., Valencia, D.A, Vilas, J.F., 1979. Palaeomagnetism 
of a sequence of Upper Palaeozoic-Lower Mesozoic red beds 
from Argentina. Geophysical Journal of the Royal Astronom-
ical Society, 58, 237-247.
Smith, N.D., Hein, F.J., 1971. Biogenic reworking of fluvial sedi-
ments by staphylinid beetles. Journal of Sedimentary Petrol-
ogy, 41, 598-602.
Spalletti, L.A., Limarino, C.O., Colombo Piñol, F., 2010. Internal 
anatomy of an erg sequence from the aeolian-fluvial system 
of the De La Cuesta Formation (Paganzo Basin, northwestern 
Argentina). Geologica Acta, 8(4), 431-447.
Tedesco, A., Ciccioli, P., Suriano, J., Limarino, C., 2010. Changes 
in the architecture of fluvial deposits in the Paganzo Basin 
(Upper Paleozoic of San Juan province): an example of sea 
level and climatic controls on the development of coastal flu-
vial environments. Geologica acta, 8(4), 463-482.
Thompson, R., Mitchel, J.C., 1972. Paleomagnetic and radiometric 
evidence for the age of the lower boundary of the Kia-
man magnetic interval. London, Geophysics Journal, 27, 
207-214.
Trewin, N.H., 1976. Isopodichnus in a trace fossil assemblage 
from the Old Red Sandstone. Lethaia, 9, 29-37. 
Tverdokhlebov, V.P., Tverdokhlebova, G.I., Minikh, A.V., Surk-
ov, M.V., Benton, M.J., 2005. Upper Permian vertebrates and 
their sedimentological context in the South Urals, Russia. 
Earth-Science Reviews, 69, 27-77
Valencio, D.A., 1972. International correlation of Late Paleozoic 
South American rocks on the basis of their magnetic remanences. 
Anais de Academia Brasilera de Ciencias, 44, 357-364.
Valencio, D.A., Mitchell, J.G., 1972. Edad Potasio-Argón y pa-
leomagnetismo de rocas igneas de las formaciones Quebrada 
del Pimiento y Las Cabras, Provincia de Mendoza. Revista de 
la Asociación Geológica Argentina, 27(2), 170-178.
Valencio, D.A., Vilas, J.F. Mendia, J.E., 1977. Palaeomagnetism 
of a sequence of red beds of the middle and upper sections 
of Paganzo Group (Argentina) and the correlation of Upper 
Paleozoic-Lower Mesozoic rocks. Geophysical Journal of the 
Royal Astronomical Society, 51, 59-74.
Zhang, G., Buatois, L.A., Mángano, M.G., Aceñolaza, F.G., 1998. 
Sedimentary facies and environmental Ichnology of a ?Perm-
ian playa-lake complex in western Argentina. Palaeogeogra-
phy, Palaeoclimatology, Palaeoecology, 138, 221-243. 
Manuscript received June 2009;
revision accepted October 2009;
published Online July 2010.
